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(57) ABSTRACT 

A method of applying an elongate magnetic element to the 
surface of an internal body structure includes applying a 
magnetic field to the elongate magnetic clement to orient the 
elongate magnetic element in a selected orientation; and 
applying a magnetic gradient to the elongate magnetic 
element to draw the elongate magnetic element against the 
surface of the body structure. 
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METHOD OF MAGNETICALLY while allowing conduction to proceed in a circuitous na.h 

NAVIGATING MEDICAL DEVICES WITH throughout the atria. a circuitous path 

ivmuii^ALUiLVlCli^AUAFl ED THEREFOR Maze procedure with a less invasive, percutaneous 

FIELD OF THE INVENTION ^ approach. This work has resulted in the development of a 

number of "linear lesion catheters." These devices are 

This invention relates to a method of magnetically navi- designed to create transmural linear lesions which mimic the 

gating medical devices in the body with a combination of a surgical incisions of the Maze procedure. While most use an 

magnetic field and a magnetic gradient, and to medical anay of RF electrodes (e.g. Avitaii, U.S. Pal. No. 5,730, 127- 

devices adapted therefor. ^0 Li et al., U.S. Pal. No. 5,879^95; Schaer, U.S. Pat.' No! 

„ ,^,,^„„„ 5,863,291; Chen el al., U.S. Pat. No. 5,782,828; and Pomer- 

BACKGROUND OF THE INVENTION anz el al, U.S. Pat. No. 5,80(1,482, ea^h of M is in^r- 

Magnets have long been used to navigate objects in the ^aled herein by rererence) other tissue ablation lechnolo- 

body. The earliest use of magnets was for removing mag- incorporated into these catheters as well, 

nclic materials, such as steel shrapnel, from a patient's body. cryogenic ablation (e.g., Avitall, U.S. Pat. No. 

Subsequently, magnets were used to move medical devices 5,733,280, incorporated herein by reference), and uUrasond 

in the body. More specifically, magnets have also been used ^"''^^^^V' ^-^ P^*- 5,630,837, incorporated herein 

to create a magnetic field in the body for orienting magnetic reference). The "catheter Maze" procedure consists of 

medical devices, or to create a front field magnetic gradient P^^^% ^ series of mterconnected linear lesions in both atria, 

(i.e., a gradient substantially aligned with the magnetic field) ^ procedure the catheter must be navigated to, and 

for pulling magnetic medical devices in the body. There arc Positioned at, several sites in both atria. Clearly, there Ls an 

a number of medical applications in which it is desirable to additional constraint on navigating linear lesion catheters 

both orient a medical device and apply it against an internal ^^^^ ^ imposed on point ablation catheters: orientation, 

body stnjcturc in the selected orientation, for example in ?^^^ catheter be navigated to the proper 

cardiac mapping, cardiac pacing, or cardiac ablation proce- lo^^on and held there, it must be positioned in the proper 

durcs. This abiUty would also be useful in the targeted onentaUon. 

delivery of therapeutic agents, for example delivery of ^f^^r to this invention, linear lesion catheters have been 
growth agents for percutaneous myocardio revasculariza- navigated, positioned and held in place manually via 
tion. While magnetic fields have proven effective for ori- 3Q mechanical controls at the proximal end of the catheter. The 
enting medical devices in the body, and to, a lesser extent linear lesion catheters designed to date share one or more of 
end field magnetic gradients have proven effective for following problems: Most of these cathctcirs arc opti- 
moving medical devices in the body, its has not been niized for some locations and orientations, and are sub- 
possible to orient a medical device and apply it against an optimal for other orientations. The ability to navigate and 
internal body structure in the selected orientatioa position the catheter using mechanical controls is dependent 

The ability to orient and apply a medical device against an °° tortuosity of the catheter's path to the chamber. The 

internal body stmaure would have a wide range of medical tortuous the path, less navigational and positional 

applications, and particularly in cardiac clectrophysiology. ^^^^^ remains once the catheter reaches the chamber. The 

There arc several types of abnormally rapid heart rhythms, proximal end of the catheter is stationary, while the distal 

or tachyarrhythmias. Over the past decade, reliable cures for 40 ^^Sment is moving with heart chamber, making it difficult to 

some of these tachyarrhythmias have been developed using ^^^^ contact of all electrodes, or other lesion making 

catheter-based radio frequency (RF) energy to ablate the surfaces, throughout the cardiac cycle. For example, if 

piece of cardiac tissue responsible for the arrhythmia. These ablation electrodes are not in intimate contact with the walls 

conditions include Wolfe Parkinson White syndrome and °^ electrodes can overheat the blood and 

Atrio-V:ntricuIar Nodal Reentrant Tachycardias, where pro- 45 ^^S"!™ ^an form on the catheter reducing its eflfecUve- 

cedural success rates arc as high as 99-100%. The catheters limitations have proven particularly problematic 

used for RF ablation have one or more electrodes at the attempting to create lesions in the left atrium, 

distal end and typically contain a means for manual Also, since the heart wall is moving, the force supplied by 

mechanical navigation with a heart chamber. The physician traditional catheters to the heart wall varies during th^ 

uses controls at the proximal end of the catheter to navigate 50 cardiac cycle and the physician cannot quantitatively sense 

the distal tip to the desired location and to attempt to hold it much force is being exerted against the tissues. As a 

in constant contact with the heart wall during the application consequence the mapping and ablating process is not readily 

of RF energy. reproducible, even for endocardial sites which may be easy 

More recently, much attention has been paid to another *° navigate to. 

cardiac tachyarrhythmia, atrial fibrillation (AF). AF is char- ss e. a .w, ^ 

acterized by a rapid, disorganized beating of both alria. AF SUMMARY OF THE INVENTION 

affeas over 2 million people in the U.S., mostly those over The present invention relates 10 a method of navigatinu 

60. While AF is not acutely life threatening, it can have medical devices in the body which employs both a magnetic 

debilitating symptoms and raises the risk of stoke (via field to selectively orient the medical device, and a magne lie 

embolized thrombus formed in the stagnant atria) by a factor 60 gradient to pull the medical device against a selected body 

of 5. The only curative procedure to date for AF is the structure. Generally the method comprises the steps of 

surgical Maze procedure, developed in the mid-1980's at applying a magnetic field to the elongate magnetic element 

Washington University in St. Uiuis. As described in Cox el to orient the elongate magnetic element in a selected orien- 

al., J Thorac Cardiovasc Surg 1995, 110, 473-495, lation; and applying a magnetic gradient to the elongate 

(mcorporated herein by reference), several transmural inci- 65 magnetic element to draw the elongate magnetic element 

sions are made in both atria (in a particular anatomic against the surface of the body structure. The magnetic 

pattern), interrupting the fibrillatory "circuits" in the tissue gradient Ls preferably oblique to the magnetic field direciiun, 
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so that the pulhng force is at ao oblique angle to the aligning FIG. 2C is a pcispccUve view of the catheter of the first 

lu'l: .!? preferably the gradient is perpendicular to cmbodimcnl, shown as it is being applied to the wall of the 

the field dirccuon. Thus, the elongate magnetic clement is patient's heart; ^ 

™. TnTr' TT^ substantially along its length. FIG. 3A is a perspective view of a second embodiment of 
I^anprc f T''"''^'*^^ 'l''^'*"/^^"^ ^ ^ ^»heter. constnicted according to the prindpksTthl^ 

magnets, using, for example the side field of a single invention, shown as it is being captured b7anapD!?c^ 

loroid magnet, but it could also be done with of a patiem's heart- 

- ^"P^^^.^'^^^'/^e electromagnets. p,G. 3B is a perspective view of the catheter of the second 
dev^cTaS Tue Ty"^"^. 'T"' ' r'^''*' 10 embodiment shown after it has been aligned in a se eaS 

btdrctSy^^er^^^^^ r-^- -^P^^-^- field direc- 

siSti^^^^^ emSSXwr vT 

comprise cylinders or coils of a permeable magnetic mate- Ss helV^^^^ °^ 

rial or a permanent magnetic material. The magnets arc „^ . 

preferably axially polarized so that the elongate magnetic . ^ ^ perspective view of the catheter of the second 

element aligns with an applied magnetic field. The direction embodiment; 

of the polarity of the magnet bodies with respect to the ^ ®° enlarged side elevation view of the catheter 

longitudinal axis of the elongate magnetic element can vary, second embodiment shown as it is about to be applied 
to cause the elongate element to bend to facilitate the 20 to wall of a patient's heart; 

elongate medical device conforming to the internal body FIG. 6 is a perspective view of an alternate construction 

structure to which it is applied. The magnetically responsive of the catheter of the second embodiment, with an envelope 

bodies could also be sphencal magnets, pivotally mounted surrounding the elongate magnetic element- 

L^InSmtrprli^if rn°'^ 7 ' longitudinal cross-secliond view of the 

t :Ce mS^^^^^ ''''' ^^^^""^ ""^"^ - ^t'V' -^'o^i-nt with a stylette therein to 

-me elongate magneUc element can include electrodes for t .' t , TV '"t^ '''^ . u 

mapping, electrodes for pacing, or electrodes/contacts or , ] * ' longitudinal cross-sectional view of the 

other elements for tissue ablation. Hie elongate magnetic ^^^^^e °iagnetic element; 

element could alternatively or additionally include injectors v) longitudinal crossnsectional view of a first 

or simply openings for the delivery of therapeutic or other alternate construction of the elongate magnetic element; 

agents from the medical device, for example growth factors 10 is a longitudinal cross-sectional view of a second 

for percutaneous myocardial revasculariation, or simple alternate construction of the elongate magnetic element; 

saline for cooling the elecUodes/oonUcts used in ablation. FIG. UA is a longitudinal cross-sectional view of an 

The method of the present invention allows an elongate 35 altcniate embodiment of the elongate magnetic clement, 

medical device to be precisely oriented and applied to the predisposed to curve under the apphcation of a magnetic 

surface of an internal body structure. This facilitates a ^^1^ ^o a concave surface; 

nuinbcr of procedures, including cardiac mapping, cardiac ^G. IIB is a longitudinal cross-sectional view of the 

pacing and cardiac ablation. The magnetic field and the alternate embodiment of the elongate magnetic element 

obh'que magnetic gradient can be easily and economically 40 shown in FIG. lOA, as it curves under the application of a 

applied with a single permanent magnet, and thus the magnetic field; 

method can be employed with relatively inexpensive FIG. 12A is a longitudinal cross-sectional view of an 

equipment, although the magnetic field and gradient may be alternate embodiment of the elongate magnetic element, that 

applied with a gapped toroid magnet, or one or more can curve to conform to a body structure, even under the 

electromagnets or superconducting electromagnets. 45 apphcation of a straight magnetic field; 

These and other features and advantages will be in pan FIG. 12 B is a longitudinal cross-seciional view of the 

apparent, and in part pointed out hereinafter. alternate embodiment of the elongate magnetic element 

BRIEF DESCRIPTION OF THE DRAWINGS shown in FIG. IIA, as it conforms to a curved surface even 

CTi- 1 A • - r L - o , , ""^^^ application of a straight magnetic field; and 

FIG. lA IS a perspective view of the magnetic fie d and pin • , 1 1 • r 

or^iHfpnt o,.T,i.Vri t« -1 » .-1 i_ 50 rltj. 13 IS a longitudinal cross-sect 10 na view of an 

i;tri„TSorirutS'"'= "^'""'^ ' elec.ophysio.ogy catheter instructed according to the 

™^ ^ n . . ' . ^ pnnciples of this invention; 

MCj. IB is a perspective view of the maenetic field and cm ^A - , • . ■ 

nr-.Ai^^t 1 . mag i^u., iiciu d lu pjQ ^4 3 transvcrse cross-secliona view of the elec- 

Z,^ . 55 m HG. 13; 

FIG. IC perspective view of the magnetic field and pir ic c ^ ^ ■ 

z,^ ^ ^ . . . , ^ ihe wall ot the chamber; and 

MO. 2A is a perspective view of a first embodiment of a cm li; 

rafhet^r rnn.frn.iP^ . "'^^ ^"'""uimcni oi d FIG, 16 IS 8 pcrspective view ol an alternate condimcni of 

catheter, constnicted according to the pnnciples of this 60 electrophysiology catheter 

invention, shown as it ls being captured by an applied j- r ' . 

magnetic field before being oriented and applied to the wall in.^Z!*!h h ?h'"'' "T" »"^icale correspond- 

of a paticnl^s heart; ^ throughout the several views of the drawings. 

RG. 2B is a perspecUve view of the catheter of the first DETAILED DESCRIPTION OF THE 

embodiment shown after it has been aligned on a selected 65 INVENTION 

orientation by the manipulation of the magnetic field direc- According to the method of the present invention, a 

magnetic medical device can be oriented and apphed to the 
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surface of an internal body structure, such as the waU of the gradient arc appUed to the operating region The elonaate 

heart m a cardiac mappmg, pacing, or ablation procedure. magnetic element 36 aligns the distal end 34 of the catheter 

While the naethod and apparatus described herein relate to 30 with the magnetic field lines established within the 

the application of medical devices to the heart, the invention operating region, and the elongate magnetic element pulls 
is not so limited and the method and apparatus of this 5 the distal end of the catheter in the direction of the magnetic 

invention can be used to apply medical devices to other gradient established in the operating region to the wallWof 

mternal body structures as well. The method comprises the chamber C of the heart. See FIG. 2A. The elongate 

applying a magnetic field to the elongate magnetic clement magnetic clement is then oriented by moving and/or rotating 

to orient the elongate magnetic element in a selected the source of the magnetic field to change the local magnetic 

orientation, and applying an approximately transverse mag- field direction. See FIG, 2B. Tension on the proximal portion 

netic gradient to the elongate magnetic element to draw the of the catheter 30 restrains distal end 34 of the catheter 

elongate magnetic element against the surface of the body against the force of the magnetic gradient, so thai the 

structure. The magnetic field and the magnetic gradient are magnetic field can be manipulated to align elongate magnet 

preferably applied simultaneously, using the side field of a clement 36, and thus the distal end of the catheter, in the 

magnet. The side field of a magnet has a magnetic gradient desired orientation without interference from the surface of 

oblique to the magnetic field direction, and thus is useful in internal structure. 

aligning a magnetic medical device with the magnetic field, ^ shown in FIG. 2C, once the distal end 34 of the 

and pulling the magnetic medical device in an oblique catheter 30 is in the desired orientation, the tension on the 

direction. proximal end of the catheter can be slacked to allow the 

■nie magnetic field and gradient can be simultaneously „ f"'* of fh* catheter <o move under the force of the 

applied with a single permanent magnet, a pair of permanent '° Z^^^ ^'A/ cl^nZ r ^ °^ the chamber C of 

fn-.rrn.^te rpr.^ -»«Z[«u J \ heart. Ine elongate magnetic clement 36 preferably 

TSr J^ T , T'"^ arrangement), a conforms to theshapcof the wall W of the chamber C of the 

s mg^c electromagnetic co,l (preferably a superconductmg heart. (Although the surface of the wall W also conforms 

electromagnetic coil), or a pair of clectromagneUc coils somewhat to the shape of the elongate magnetic element 36). 
(preferably superconducUng electromagnetic coils). ^ The catheter 30 can then be used to conduct a medical 

The orientation of the elongate magnetic element can be procedure, for example the elongate magnetic element 36 

changed by changing the direction of the applied magnetic can be provided with conUcts 38, such as electrodes for 

field. This can be done by moving or changing the orienta- electrically mapping the heart, pacing the heart, or ablating 

tion of the source of the applied magnetic field and gradient. heart tissue. The elongate magnetic element 36 could alter- 
FIG, lA is a perspective view showing the magnetic field 30 natively be provided with some other type of contacts 38, 

lines F and the direction of the magnetic gradient G applied such as cryogenic contacts for ablating the tissue with low 

to an elongate magnetic element 20 by a magnet M in a first temperature or ultrasonic transducers for ablating tissue 

orientation. FIG. IB shows the magnetic field lines F and the ultrasonically. The elongate magnetic element 36 could 

direction of the magnetic gradient G applied to the magnetic alternatively be provided with injectors or simply openings 

element 20 by the magnet M in a second orientation, rotated 35 for delivering substances for example medications, such as 

about axis A. FIG. IC shows the magnetic field lines F and growth factors for revascularization, directly to the heart 

the direction of the magnetic gradient G applied to the tissue. Openings can also be provided to inject fluid, such as 

magnetic element 20 by the magnet M in a third orientation, saline solution, to cool, and thereby improve the eflSciency 

rotated about axis A. FIGS. lA through IC illustrate that by of the ablation contacts. 

changing the direction of the magnetic field lines, by moving 40 Markers 40 on the catheter 30, positioned, for example at 

the magnet M, the orientation of the elongate magnetic the ends of the elongate magnetic clement 36, help the 

element 20 can be changed, while the direction of the physician visualize the catheter and thereby property posi- 

magnetic gradient remains generally perpendicular to the tion and orient the catheter. The markers 40 could be 

field lines. radio-opaque where the catheter is localized with fiuoros- 

As shown in FIGS. lA through IC, the polarity of magnet 45 copy; ultrasonic transducers, where the catheter is localized 

M is aligned with its axis. using ultrasonic time-of-flight; electromagnetic means, 

The side field of the magnet M is capable of creating a where the catheter is localized using electromagnetic field 

magnetic field and an oblique magnetic gradient in an sensing; or some other type of marker for localizing the 

operating region in a patient, to control a magnetic medical catheter. 

device in the operating region in a patient. The medical 50 By locating the catheter 30 with the markers 40, the force 

device is localized in the operating region, for example with applied to the catheter can be calculated knowing the 

bi-planar fluoroscopy, ultrasonic time-of-flight, or electro- relationship (distance and angle) between the catheter and 

magnetic means, so that the physician can monitor the the source of the magnetic field, and thus the physician can 

location and orientation of the device in space, or relative to know the force holding the catheter in contact with the wall 

the tissue to be interacted with (using whatever visualization 55 W of the chamber of the heart. The torque on the catheter can 

is provided as part of the magnetic navigation system). The also be calculated knowing the location and orientation of 

physician can then manually orient the magnet; input desired the distal segment and the angle of the applied magnetic 

orientation and direction of movement to a computer con- field. The physician can manipulate the magnet to control 

troUer that operates an articulated arm to orient the magnet; the amount of force that the catheter 30 applies to the wall 

or otherwise control the position and orientation of the 60 of the heart, to ensure proper contact between the contacts 

source of the magnetic field and gradient. Referring to FIGS. 38 or other devices provided on the elongate magnetic 

2A through 2C, a magnetic medical device, such as a element 36 for conducting the medical procedure. Prior to 

catheter 30, is navigated to the operating region, for example this invention, achieving a specified minimum contact prcs- 

the chamber C of a heart, as described in more detail below. sure between a catheter and a moving structure such as the 

The catheter 30 has a proximal end and a distal end 34. An 65 heart wall, was extremely difficult. 

elongate magnetic clement 36 is formed on the distal end 34 Referring to FIGS. 3A through 3C, a magnetic medical 

of the catheter 30. As shown in FIG.2A, a magnetic field and device, such as a catheter 50, is navigated to the operating 
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S^'.H ,t '''^"^ ""^enetic fidd lines See the FIG. 5 enla-Bed side eleva.fan view of ,he c^.h t 

caitirsThVds^.hTeir'L^.^^^^^^ Sdt%C:eTbirje°^^^^ 

catheter against the force of the magnetic gradient so that " 7ZT , conductive flmd. to provide a 

the magnetic field can be manipulat^ toaSe elonS "^^^V^ E** '^^ f'""''^ " """""eh the conductive 

magnetic element in the desired orfcntaUon ' ^"1°^ ° ."r""; °^ T'T' "^""P^ 

As shown in Fir. IP „ .1, , , . , provides a protective buffer for the conlacls 62 to prevent 

SS, » SiS Z J , """"I » I" »<i M of 

i,^uicicr ou can men oe used to conduct a medical procedure „ sn Thp Hiciai »r.H (o «f ft,. .ton- • . 

for example the elongate magnetic element 56 can ^ "".'^-^ 'J'*'^' ^nd 82 of the sheath 80 .s navigated to the site. 

Markers ^4 nn ihr <n ^ »• ^ r . ^ ^ elongate magnetic element from the sheath. The 

thr rnn! f iK ^^ ^ fi*^*^ gradient of a magnet could be used for this 

the ends of the elongate magnetic element 56, help the purpose. 

physician visualize the catheter and thereby oroocrlv oosi- Ac 

^ . • , , ~ "i^ivu/ yiuy^iiy poM allcmative to navicatme the maenetic meAiral 

R« lo^,i,„ ,1. .1, . en • ■_ u , °^ ^ styictle 94 can be inserted into the lumen to • 

apphed to the catheter can be calculated knowing the The catheter 30 can be navigated conventionally or it can be 

tZc^oTZ:'? "^-^'^^'-^^ "^'"e the elongate magn^^c elemen 

know the forc^hnM^ t;^ f • '"'^'u"'"" "^"^ ^4 of the catheter. Oncetl the surgical 

Sle chaXr of ?heV.t''^^ contact wrth the wall site, the stylette 94 can be removed to restore the flexibility 
rin h I heart The torque on the catheter tip S5 of the catheter, and the aligning field and pulhng gradient 

can also be calculated knowing the orientation and location applied, as described above nj. yaa.eni 

Sie a' S'maS fidH'^T^^^h'"'' ^ """S-'- ^"apted for use with the 

Z 11,. - Phys'='^° '^an mampulate „,ethod of this invention, and adapted to be i™:orpon„cd into 

ppirfo t rJaltf herr\ "'''^"'''^^^ -dicaldevicescfthisi^ventionLndicatedgeSya^^ 
befw^n^hl cnnf «7 I, ' A ^""""^ P^»P«^^«'nlact ao in FIG. 8. TTie elongate magnetic element 56 is similar in 
between the cot^tacts 62 or other devices provided on the construction to elongate magnetic element 36 The eloncate 

rSre"""" '^""'"'^"^ magnetic element 36^omprL a flexible tolw tuS^^ 

A. • CI/- ■ having a plurality of magnetic bodies 102, separated by 

nr.t^ hi T / '"'^"^ ^P'"'^ "^-^ ^"'^^^ 'he elongate magnet 

die ts 58 a'ldTo ' '''^t f " '° '° --"-odate the surfac' of a body 

back f,r«« . ""^ ^ '"'J'""' *hich it is applied. Tlie magnetic bodies 102 are 

back face 68. TTius. when a magnet gradient is applied, the preferably cylinders of a permanent magnetic material, such 
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maScT^^^^^^^ -^-^^ to pivot to regain aligned with the field, as 

with the magnetic bodies 102 raVeMhanSacls wft trf 1?^'^' rTt" 

that they are firmly pressed into the t^fuJo^L ap^^ ^ '° "^^-^ ? ^PP'rl" "7'"'^' "'^Snetic bodies 

cation of a gradient. An alternate constructioHf^e eC- , "The . I 7^ ^ "^""fl^'^'' independently 

gate magnetic element is indicated generally as 36' in FIG " apphed magnciic field. Thus, an alternative construc- 

9^ In elongate magnetic element 36', the magnetic bodies ^^r<V! ""fTu "^^^'T' ^""^^^"^ 

102 are coils 106 ofa magnetically responsive material such " ^""^ adapted lo conform lo the 

as a permeable magnetic material (such as soft ir^n or ^ ^^^^^ structure. Elongate magnetic 

hyperco) or a permanent magnetic material. A second alter- *=lcment 140 comprises a flexible hollow tube 142, having a 

Date construction of the elongate magnetic element is indi- Plurality of magnetic bcxlics 144, separated by spaces 146 

cated generally as 36" in flG. 10. In elongate magnetic '^^ spaces 146 allow the elongate magnet element to flex to 

element 36';, the magnetic bodies 102 comprise a single accommodate the surface of a body structure to which it is 

elongate coil 108 of a magnetically responsive material, applied. The magnetic bodies 144 arc preferably spheres of 

such as a permeable magnetic material or a permanent * permanent magnetic material, such neodvmium iron 
magnetic material. 15 boron, mounted to pivot in the tube 142 about an axi^ 

In a preterred construction of the catheter 30, the catheter perpendicular to the polarity. Thus as shown in FIG 12A 

comprises a continuous tube, with elongate magnet element the polarities of the magnetic bodies 144 align and can orient' 

being disposed in the distal portion of the tube. The proximal the elongate magnetic element 140, but as shown in FIG 

portion of he ointmuous tube can be made stiffer to improve 12B, when the elongate magnetic element 140 is apolied to 

ie SJ°H r^Ki 'T'''^^ r*^°S' ^^^^ '^^^^"fi ^ « body structure, the magnet bodi s 144 a^^^^^^ 

^e distal end flexible to allow the elongate magnetic ele- ends can pivot so that they regain alifned with the a^^^^^^ • 

against the pull of the magnetic gradient The mbeT« a „ . ^15^ ^ secure the spheres relative to 

lumen for el^trical leadlinl. or ct^ogen pa^ay or a fl^id " n . '° °^ S''"- 

pathway for whatcvermedicaldevice(s) is provided OD the "Pf" ^. , ^ . 

elongate tnagnetic element on the disUl end magneUc medical device, such as catheter 30 or 50, is 

In a preferred constraction of the catheter 50. one or both ZZ^I'^h"" k"*^?!""! '^'^t''' "P"'"""^ 

of the tethers 58 and 60 excluding the elongate maenVtfc ^ t ^ ' ^^^"t^' "^"'^ ""Ihe'eraO or 50 can 

clement 56 are hoUow tubes, communicating whh a lEn '° "ntacts thereon such as electrodes for cardiac map- 

through the catheter. The tethers thus provide a continuous Ip^mJ. u u7 ^"""'^ '^""''^ 

path through the catheter 50 to the elongate maEneUc f ?' cryogenic ablation, 

element for electric leadUnes. a cryogen pathway ° a fliSd ^'^ '^'^y /aUieler 30 or 50 could have injectors, or 

pathway for whatever medical device(s) provided on the „ ZnlT.Tf m r "1^ s^bsUoces. such as saline for 

elongate magnetic element. Tie tethers 58 and 60 «e ^^^J^/F-^W^Uon contact, or therapeutic agents. Of 

preferably highly flexible to allow the elongate magnetic '^1^^°°^^"°' 'herapeuttc elements and devices 

curved surface of a body stmcturc. such as the wdk of the of thetihl^^m n^°' IT'f 

caus'L th^"ll;t ^,=1;?.^ S-g .he device to the desired chamber, where it can be 

An,ii,r . c- • , « applied lo the magnelic element 36 of catheter 30 (or 56 of 

elotlT 5«) "^^ 6'=''' "="'^ '° ^-'ign the elongate magnc Ik 

elongate magnetic element to a curved surface is to allow the element with the local field lines while the gradienulnds to 
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pu 1 the elongate magnetic clement toward the wall of the netic gradient pulls the elongate magnetic element back into 
heart chamber. The movement of the elongate magnetic contact with the chamber wall. RF energy can be an d lied n 
element 36 is restramed by the proximal portion of the create another linear lesion by ablation. The process con- 
catheter 30. The movement of the elongate magnetic elc- linues until the desired linear lesions have been formed the 
mcnt 56 is restrained by the proximal portion of the catheter 5 intent being to create a continuous linear lesion build up 
50 and the tethers 58 and 60. The magnetic field direction is ^^^^ ^^ese segments. 

manipulated (typically by moving the magnet or magnets ^ alternate construction of the catheter 200 is indicated 

applyii^ the field and gradient) to orient the elongate generally as 200' in FIG. 16. Catheter 200' is similar in 

magnetic clement in the desired oricnUtion. Once in the construction to catheter 200. and corresponding reference 

desired orientation, the elongate magnetic elcmenl can be lo indicate corresponding parts. However, unlike 

applied to the surface of the chamber wall by slacking the ^^^^^^^ 200, catheter 200' has a tether 216 extending from 

proximal end of the catheter 30 or 50. The elongate magnetic ^^^^! ^^^^^^ P^^^ through an opening in 

clement is puUcd by the magnetic gradient into contact with ^^^\ ^^^eter, and then through the lumen to the 

the waU of the chamber. The position of the elongate P™^""a»ent*»where the tether can be manipulated to change 

magnetic element can be tracked by the markers 40 for 64 15 ^ elongate magnetic element 210 by expand- 

on catheter 50). Once the position of the elongate magnetic '"^ cootracung the loop 218. 

clement can be located relative to the magnet(s) applying the , r • 

magnetic field and gradient, the force applied by the clon- . "".^^^"^ °^ applying an elongate magnetic member 

gate magnetic element can be determined, and controlled by »f '''"^ I ^"'^^'^^ °^ ^" '"^^'^"^^ '^o^y struciure, 

varying the position of the magnet. Thus. Ihe force with 20 '"^^"'^ composing the steps of: 

which the contacts on the elongate magnetic element are W^y^ng a magnetic field to the elongate magnetic ele- 

applicd to the tissue can be ascertained and controlled. "^"^ ^ elongate magnetic element is a 

When it is desired lo reposition the elongate magnetic selected orientation; and 

element, the magnet(s) can simply be manipulated to reori- ^PpJying a magnetic gradient lo the elongate magnetic 

ent the elongate magnetic element while the elongate mag- 25 element to draw the elongate magnetic element length- 

netic element remains in contact with the siu-face of the against the surface of the body, 

chamber wall. Preferably however, the elongate magnetic is ^- ^ method according to claim 1 wherein the magnetic 

pulled out of contact with the chamber wall by tensioning field and the magnetic gradient are applied with a permanent 

the proximal end of the catheter 30 or 50, and the elongate magnet. 

magnetic element is re-oriented out of contact with the 30 ^' method according lo claim 1 wherein the direction 

chamber wall, and reapplied by slacking the tension on the magnetic gradient is oblique to the direction of the 

proximal end of the catheter 30 or 50. magnetic field. 

When the procedure is completed, the catheter 30 or 50 is ^- method according lo claim 1 wherein the direction 

removed from the surgical site, for example retracting it into magnetic field is generally perpendicular lo the 

the sheath 50 and withdrawing the sheath, or by withdrawing 35 ^""ection of the magnetic gradient. 

the catheter directly, 5- The method according to claim 1 further comprising 

An electnophysiology catheter constructed according to restraining the magnetic element against the force of the 

the principles of this invention is indicated generally as 200 applied magnetic gradient while the elongate magnetic ele- 

in FIGS. 13-15. Catheter 200 has a proximal end, a distal ^ oriented in the selected orientation, and releasing the 

end 202, and a lumen 204 therebetween. There are a 40 magnetic element to allow the magnetic gradient 10 draw the 

plurality of magnetic bodies 206 separated by spaces 208, elongate magnetic element against the surface of the body 

forming an elongate magnetic element 210 adjacent the structure. 

distal end 202. There are a plurality of electrodes 2 12 spaced ^: method according to claim 1 further comprising 

along the elongate magnetic element 210. A lead 214 navigating the distal end of a catheter through the body to 

extends through the lumen 204 to the electrodes 212. Mark- 45 internal body structure, and extending the elongate 

ens 2165 are incorporated into the catheter 200 lo facilitate magnetic element from the distal end of the catheter, 

localizing the catheter in the body. The method according to claim 1 wherein the elongate 

The distal end 202 of the catheter 200 is navigated magnetic element includes ablation elements, and further 

through the vasculature, and into the chamber of the heart. comprising the step of operating the ablation elements when 

Once the distal end 202 of the catheter is in the chamber of 50 elongate magnetic element is in contact with the surface 

the heart, a magnetic field and an oblique magnetic gradient °^ '^^^y structure. 

are applied to the distal end. As shown in FIG. 14, the field ^ method of applying a medical device, comprising an 

aligns the elongate magnetic element 210 with the applied elongate magnetic element having a length, to the surface of 

magnetic field. The magnetic gradient G, in a direction ^" internal body structure, the method comprising the steps 
oblique to the magnetic field direction, pulLs the elongate S5 

magnetic element toward the wall of the chamber. navigating the distal end of a catheter to the internal body 

The electrodes 212 are brought into contact with the wall structure; 

of the chamber. RF energy is applied to the electrodes 212 deploying the magnetic medical device from the distal 

via leads 214 (either simultaneously or serially). The RF end of the catheter; 

energy ablates the tissue adjacent the electrodes forming a 60 apply a magnetic field to the elongate magnetic clement to 

linear lesion useful in treating various tachyarrhythmias. orient the elongate magnetic clement in a selected 

The elongate magnetic element 210 can be pulled from the orientation; and 

chamber wall by tensioning the proximal portion of the applying a magnetic gradient to the elongate magnetic 

catheter 200. The elongate magnetic element 210 can be element to draw the elongate magnetic clement lenglh- 

re-onented by changing (he magnetic field by repositioning 65 wise against the surface of the body structure 

and/or rconcntmg the source of the field. The tension on the 9. The method according to claim 8 wherein the step of 

proximal portion of the catheter is slackened and the mag- applying a magnetic field comprises changing the magnetic 



11/02/2001, EAST Version: 1.02.0008 



13 



US 6,292,678 Bl 



15 



field direction to selectively change the orientation of the 
elongate magnetic element. 

10. The method according to claim 9 further comprising 
holdmg the elongate magnetic element against the force of 
the magnetic gradient with a lelhcr. while changing the 
magnetic field direction to orient the elongate magnetic 
clement, and releasing the elongate magnci clement to press 
against the surface under the force of the applied magnetic 
gradient. 

U. The method according to claim 9 comprising pulling 
the elongate magnetic clement from the surface against the 
force of the applied magnetic gradient with a tether; selec- 
tively reorienting the elongate medical device by changing 
the magnetic field direction; and releasing the elongate 
magnetic device to press against the surface under the force 
of the applied magnetic gradient. 

12. The method according to claim 9 wherein the mag- 
netic field direction is changed to reorient the elongate 
magnetic clement while the elongate magnetic element 
remains in contact with the surface of the internal body 20 
structure. 

13. TTie method according to claim 8 wherein the mag- 
netic field is generally perpendicular to the magnetic gradi- 
ent. 

14. The method according to claim 8 wherein the mag- 
netic field and the magnetic gradient are applied with a 
permanent magnet. 

15. The method according to claim 8 wherein the mag- 
netic field and the magnetic gradient are applied with a pair 
of permanent magnets in a gapped toroid arrangement. 

16. The method according to claim 8 wherein the mag- 
netic field and the magnetic gradient are apphed with an 
electromagnet coil. 

17. The method according to claim 8 wherein the mag- 
netic field and the magnetic gradient are applied with a pair 35 
of electromagnet coils. 

18. The method according to claim 8 wherein the mag- 
netic field and the magnetic gradient are applied simulta- 
neously. 

19. A method of ablating a line of tissue in a structure in 40 
the body, the method comprising: 

navigating the distal end of a catheter to the body struc- 
ture; 

deploying an ablation tool from the distal end of the 
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applying a magnetic field to the elongate magnetic cle- 
ment to orient the elongate magnetic clement in a 
selected orientation; and 
applying a magnetic gradient to the elongate magnetic 
clement to draw the elongate magnetic element length- 
wise against the surface of the body structure to bring 
the mapping contacts into contact with the body struc- 
ture; operating the mapping contacts to measure a 
property of the tissue adjacent the mapping contacts. 
21. A method of applying an elongate magnetically 
responsive magnetic element to the surface of an internal 
body structure, the method comprising: 
navigating the distal end of a sheath containing the 
magncucally responsive element to the internal body 
structure; 

deploying the magnetically responsive element from the 
sheath by applying a magnetic field to the magnetically 
responsive element to sUffen the magnetically respon- 
sive element, and pushing the magnetically responsive 
clement from the distal end of the sheath; 

applying a magnetic field to the elongate magnetic ele- 
ment to orient the elongate magnetic element in a 
selected orientation; and 

applying a magnetic gradient to the elongate magnetic 
element against the surface of the body structure sub- 
stantially along (he length of the elongate magnetic 
clement. 

22. A method of applying an elongate magnetically 
responsive magnetic element to the surface of an internal 
body structure comprising: 

applying a magnetic field and gradient to the magnetically 
responsive magnetic clement to apply the magnetic 
clement having a length to the surface of the internal 
body stmcturc substantially along the length of the 
elongate magnetic element; 

localizing the magnetic element; 

detennining the force acting on the magnetically r^pon- 
sive magnetic element; and 

adjusting the magnetic field and gradient to achieve a 
selected force of application. 

23. The method according to claim 22 wherein the step of 
determining the force acting on the magnetically responsive 
magnetic element is based upon the position of the mag- 



r ii/ui iiuiu luc ujsiai ena or tne »iU6ui.nk, titiucui la ua&cu upon me position ot the mag- 
catheter, the ablation tool comprising an elongate mag- netically responsive element and the strength of the mag- 
netic element having a length und at i^aci nn^ fiKiot.Vr. netic field and (rr»Hipnr at that T^/^o;t.'»» 



netic element having a length and at least one ablation 
contact; 

applying a magnetic field to the elongate magnetic ele- 
ment to orient the elongate magnetic element in a 
selected orientation; 

applying a magnetic gradient to the elongate magnetic 
element to draw the elongate magnetic element against 
the surface of the body structure substantially along the 
length of the elongate magnetic element to bring the 
ablation contacts in contact with the body structure; and 

operating the ablation contacts to effect ablation of the 
tissue adjacent the ablation contacts. 

20. A method of mapping the tissue in a structure in the 
body, the method comprising: 

navigating the distal end of a catheter to the body struc- 
ture; 

deploying a mapping tool from the distal end of the 
catheter, the mapping tool comprising an elongate 
magnetic element having a length and a plurality of 
mapping contacts; 



netic field and gradient at that position. 

24. Tlie method according to claim 22 wherein the step of 
determining the force acting on the magnetically responsive 
magnetic element is based upon the position of the mag- 

50 netically responsive element and the position of the source 
of the magnetic field and gradient. 

25. A method of forming linear lesions on the surface of 
an internal body slmcture, comprising: 

navigating a catheter having an elongate magnetic clc- 
mcni associated with its distal end to the body structure, 
the elongate magnetic element having a plurality of 
ablation contacts thereon; 

applying a magnetic field and an oblique gradient to the 
^ elongate magnetic element to align the elongate mag- 
netic element in the desired position and pull the 
elongate magnetic element lengthwise into contact with 
the surface of the internal body structure; and 

operating the ablation contacts to ablate the tissue in 
contact therewith and form a linear lesion. 
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